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a b s t r a c t

The pink shrimp Farfantepenaeus paulensis is one of the most commercially exploited species in Brazil's
South andSoutheastern regions. Specific information about the status of its genetic variation is necessary to
promote more effective management procedures. The genetic variation of the population of F. paulensis
was investigated infive localities along southern and southeastern coast of Brazil. Samplingwas performed
with a commercial fishing boat. Total genomic DNAwas extracted from abdominal muscle tissues and was
used to DNA amplification by PCR. The COI genewas used as a DNA barcodingmarker. The 570 bp COI gene
sequences were obtained from all 45 individuals. The haplotype network showed no genetic variability
among the population stocks, which was confirmed by Molecular Variance Analysis. The final alignment
showed that inside species there is haplotype sharing among the sampled localities, since one haplotype is
shared by 38 individuals belonging to all the five sampled regions, with no biogeographic pattern. This
result is reasonable since there are no geographical barriers or habitat disjunction that might serve as a
barrier to gene flow among the sampled localities. Possible reasons and consequences of the genetic ho-
mogeneity found are discussed. The results complement ecological studies concerning the offseason: since
it is a single stock, the same protection strategy can be applied. However, the genetic homogeneity found in
this study combined with the intensive fishery effort and the species biology can result in severe conse-
quences for the F. paulensis.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The pink shrimp Farfantepenaeus paulensis (P�erez-Farfante,
1967) is one of the most exploited species in Brazil (Paiva, 1997). It
is distributed from Bahia e Brazil to Buenos Aires e Argentina, and
found at 40e80 m deep (D'Incao, 1995; Costa et al., 2003). In-
dividuals of this species, as well as individuals of the congener
Farfantepenaeus brasiliensis (Latreille, 1917), are together known as
“pink shrimps”, and usually do not occur distinction between them
at assessments of fishery stocks (Brisson,1981; Chagas-Soares et al.,
1995).

F. paulensis is more often captured between Ubatuba and Santos
(S~ao Paulo State), where cold waters are very close to the shore, and
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southward is the dominant species of pink shrimp, being the only
one present in Patos Lagoon (Rio Grande do Sul State) (Paiva, 1997).
The size of the individuals and the mature female ratio increases
with depth, and spawning occurs in colder waters, beyond the 50m
isobaths; juveniles are usually found in estuaries or bays (Costa
et al., 2008). Distribution in this species is more related to depth
than to latitudes (Zenger and Agnes, 1977).

Pink shrimps represented 18% of Brazilian total production
(57,344.8 t) of marine crustaceans in 2011 (IBAMA, 2011). The
general shrimp production is related to pink shrimp capture, which
varies in function of the artisanal fishery in Patos Lagoon, South
Brazil (D'Incao et al., 2002). The state of Rio Grande do Sul (extreme
south of Brazil) is the major producer, with catches exclusively
performed by artisanal system, acting on the juvenile population in
a very intensively way (D'Incao et al., 2002). S~ao Paulo and Rio de
Janeiro states (Southeastern Brazil) are respectively the third and
fourth producers, with catches mostly performed by industrial
systems and on adult stocks (Paiva, 1997).
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Genetic variations among stocks may provide direct information
on the populations of a species over a geographic area of distribution
(Dumont, 2008). Evaluations of population genetic structure and
intraspecific genetic diversity supply data of biological and evolu-
tionary interest and are of great value for the successful conservation
or management of exploited species (McMillen-Jackson and Bert,
2004). Molecular techniques have been applied with success to
support fishery issues, such as the identification of genetic variation,
population structure and reproductive isolation among groups
(Benzie, 2000). These techniques seems to be more reliable tools for
conservation studies, helping on the identification of reproductive
isolation among stocks and thus allowing the delineation fishery
management units and to assess which are conservation priorities,
from an evolutionary perspective (Begg et al., 1999).

Nowadays, the legal annualoffseason for shrimps in southernBrazil
extends from March to May (Paiva, 1997; Costa et al., 2008). The off-
seasonwas established basing on the juvenile recruitment of the pink
shrimp species F. brasiliensis and F. paulensis, and ecologic studies have
shown that present offseason coincides with themajor recruitment of
such species (Branco and Verani, 1998; Costa and Fransozo 1999).
However, there are still few studies concerning the genetic variation of
F. paulensis in South and Southeastern Brazil, making it difficult to
assess if the offseasonperiod can be applied to the entire population of
the species. As example, we can cite the study of Gusm~ao et al. (2005)
using allozymes, in which they found populations of F. paulensis that
aregenetically structured, comprising twodifferentfishery stocks (one
for South and another for Southeast Brazil).

A better understanding of the structure of these populations,
including the role of fisheries in the context of human and envi-
ronmental impacts, is necessary for the development of conserva-
tion policies and restoration in the marine system (Blaber et al.,
2000). In this context, the pink shrimp F. paulensis represents one
of the most exploited fishery stocks in Brazil's South and South-
eastern regions. Specific information about the status of its genetic
variation is necessary to promote more effective management pro-
cedures. Considering the great economic importance of pink shrimp
fishery in Brazil and the consequent and visible decrease in its
populations,weaimed to analyze the genetic variationof F. paulensis
in five localities along southern and southeastern coast of Brazil.

2. Material and methods

2.1. Sampling

Sampling of fresh specimens was performed at three localities
along S~ao Paulo state, Brazil: north region (Ubatuba, 23�260S,
Fig. 1. Map showing the five sampled regions of the present stud
45�040W), central region (Santos, 23�570S, 46�190W) and south re-
gion (Canan�eia, 25�10S, 47�550W) (Fig. 1). Geographic coordinates
related to the sampled points were recorded using a GPS (Global
positioning system).

Sampling was performed on February and August 2012, with a
commercial fishing boat equipped with otter-trawl and double-rig
nets (mesh size 18 mm and 20 mm, respectively) and mouth
opening of 5 m, which was hauled for 30 min. The biological ma-
terial was stored in ice, identified according to specific keys (Costa
et al., 2003), preserved in 75e90% ethyl alcohol and deposited in
the Crustacean Collection of the Department of Biology, Faculty of
Philosophy, Science and Letters at Ribeir~ao Preto, University of S~ao
Paulo (CCDB/FFCLRP/USP), Brazil. Complementary specimens from
other two localities (Rio Grande do Sul and Rio de Janeiro states)
and previously cataloged in the CCDB collection were analyzed
(Fig. 1).

2.2. Molecular analysis

Total genomic DNA was obtained from the abdominal muscle
tissues of individuals. This procedure has the advantage of being
performed from small amounts of biological tissue. Obtaining and
manipulation of genetic material are in accordance with SISBIO li-
cense for sampling and genetic analysis of decapods, (CGEN No.
11777-1, Issue Date: 09/16/2007 to FLM). The COI gene has been
frequently used with success to analyze phylogenetic relationships
in manymarine crustaceans, including species of Penaeus and other
Decapoda (Quan et al., 2001). This gene was chosen for molecular
analysis due to itswidevariability in evolutionary rates (Moritz et al.,
1987), allowing to verify the occurrence of inter-population varia-
tion within species, as already done in other studies with shrimps
(Gusm~ao et al., 2000; Vergamini et al., 2011; Terossi andMantelatto,
2012; Rossi and Mantelatto, 2013). The COI gene is also used as a
“barcode”marker for most living animal (Hebert et al., 2003).

The protocol for extraction of specimens was based on the work
of Mantelatto et al. (2007, 2009). Muscle tissues extracted from
each individual were placed in lysis buffer and proteinase K
(500 mg/mL) and then incubated for 24 h at 55 �C. After dry bath
prior to centrifugation, 200 mL NH4OAc (7.5 M) was added in each
sample; after this, 600 mL of cooled isopropanol was added, so
decanting the DNA. After 48 h of samples cooled at 20 �C, the
resulting pellet was washed with 15 mL of 70% EtOH, centrifuged,
freeze-dried in an Eppendorf Concentrator 5301® and resuspended
in 20 mL of TE buffer. The concentration of the extracted DNA from
each sample was measured in a Nanodrop spectrophotometer
2000®.
y. Small dots indicate the known distribution of F. paulensis.



Table 1
Specimens of Farfantepenaeus paulensis used in genetic analyses. N: number of in-
dividuals; CCDB/FFCLRP/USP: Crustacean Collection of the Department of Biology,
Faculty of Philosophy, Sciences and Letters at Ribeir~ao Preto, University of S~ao Paulo.

Localities N CCDB/FFCLRP/USP Genbank Access

Rio de Janeiro 2 CCDB 4285 KM065406
CCDB 4285 KM065413

S~ao Paulo (Ubatuba) 8 CCDB 4484 KF989424 e KF989431
S~ao Paulo (Santos) 9 CCDB 4482 KF989448

CCDB 4482 KF989450 e KF989457
S~ao Paulo (Canan�eia) 16 CCDB 4483 KF989437 e KF989448
Rio Grande do Sul 10 CCDB 4946 KM065407 e KM065412

CCDB 4679 KF989458 e KF989461
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Samples with DNA concentrations were used for amplification
by PCR (polymerase chain reaction) in a thermocycler Veriti
Applied Biosystems®. Amplification was performed using the
primers HCO1-2198 (TAA ACT TCA CCA AAA TGA AAT GGG CA) and
LCO1-1490 (GGT CAA CAA ATC ATA ATA AAG TTG) (Folmer et al.,
1994). The choice of primers was based on the applicability of the
data, which may be used for future phylogenetic studies and DNA
barcoding system. PCR products were obtained in a total reaction
volume of 25 mL, containing ultrapure H2O, PCR buffer (10�), MgCl2
(25 mM), betaine (5 mM), 1% BSA solution, dNTPs (10 mM), primers
(20 mM), Thermus aquaticus polymerase (5 U/mL) and 140 ng of the
previously extracted DNA. The DNA amplification by PCR method
was carried out using thermal cycle with an initial denaturation for
2 min at 94 �C, annealing for 35 cycles (30 s at 94 �C, 30 s at
46e50 �C, 1 min 72 �C) and final extension of 2 min at 72 �C. Results
of each PCR were observed in electrophoresis with 1.4% agarose gel
and photographed with a digital camera Olympus C-7070® on a UV
transilluminator UVP® Transilluminator M20.

Amplified DNA was purified with the purification kit Sure-
Clean®, according to the company protocol. After purification,
samples with concentration higher than 10 ng/ml in a volume of
20 ml were sent to the Department of Technology, Faculty of Agri-
cultural Sciences and Veterinary Jaboticabal, Universidade Estadual
Paulista, where reactions of preparation for sequencing and sub-
sequent sequencing were performed, using the HCO1-2198 primer.
2.3. Data analysis

Sequence editing was performed in the program BioEdit version
7.0.9 (Hall, 1999). The DNA fragments were aligned on BLAST sys-
tem for comparison with the assembly of NCBI database (http://
blast.ncbi.ncbi.nlm.nih.gov/blast.cgi) in order to confirm their
respective identities. Testimony specimens of these sequenceswere
listed (CCDB/FFCLRP/USP, Table 1) and are therefore the genetic
voucher. All new sequences obtained in this study were deposited
in GenBank (Table 1). Haplotype analyzes followed the methods
used by Vergamini et al. (2011) aiming comparison among loca-
tions and among species. Sequences were previously aligned with
pre-defined parameters in Clustal W program (Thompson et al.,
1994), implemented in the program BioEdit 7.0.9. Then, a
Table 2
Farfantepenaeus paulensis. Genetic distance matrix from gene Cytochrome Oxidase 1 ma
grouped (Kimura-2-Parameters).

1 2

1. Rio de Janeiro 0.000
2. Ubatuba 0.000 0.000
3. Santos 0.000e0.002 0.000e0.002
4. Canan�eia 0.000e0.004 0.000e0.006
5. Rio Grande do Sul 0.000e0.004 0.000e0.004
construction of a genetic divergence matrix was performed, based
on the Kimura2-parameters model (Kimura, 1980) in the MEGA
program version 5 (Tamura et al., 2011).

The number of haplotypes was calculated in the program DnaSP
4.10.9 (Rozas and Rozas, 1999), and haplotype networks were
constructed by median-joining method in the Network program
(Bandelt et al., 1999), with data preparation in DnaSP program.
Genetic difference of the groups here studied was analyzed by
Analysis of Molecular Variance (AMOVA) (Excoffier et al., 1992),
considering the variation at each nucleotide site separately, in the
program Arlequin 3.1 (Excoffier et al., 2005). This analysis allows us
to estimate the level of intraspecific genetic subdivision, consid-
ering the variation of gene frequencies, (1) among localities (Rio de
Janeiro, Ubatuba, Santos, Canan�eia and Rio Grande do Sul), and (2)
within localities (i.e., among individuals).

3. Results

In total, 45 individuals of F. paulensiswere analyzed, fromwhich
the 570 bp COI gene sequences were obtained. The intra-specific
genetic distance did not separate populations among localities
(Table 2), ranging from 0 to 0.6%.

Based on partial fragments of the COI gene of the 45 specimens
from the five sampled localities (Rio de Janeiro, Ubatuba, Santos,
Canan�eia and Rio Grande do Sul), 8 haplotypes were defined (H),
from which 7 (approximately 90%) represented individual haplo-
types, i.e., they were found in one individual only. The haplotype
network showed that one haplotype is shared by 38 individuals
belonging to all the five sampled regions. This analysis did not
reveal any genetic structure among groups that can be understood
as genetic homogeneity (Fig. 2).

Haplotype diversity (Hd) was calculated as 0.3431. Most of the
genetic diversity was the result of variation within rather than
among regions (AMOVA: within regions ¼ 103.03%, among
regions ¼ �3.03%, Fst ¼ �0.030, P ¼ 0.71). This high P-value in-
dicates non-statistically significant differences in the frequencies of
the COI sequences examined between the analyzed populations.
The average nucleotide composition for F. paulensiswas 19.20% (C),
35.90% (T), 26.07% (A) and 18.84% (G).

4. Discussion

There was no genetic separation among the five sampled lo-
calities, as evidenced by analysis of genetic divergence, haplotype
network and AMOVA. This result is reasonable since there are no
geographical barriers among the localities and may be related with
the shrimp general life history of the genus Farfantepenaeus. The
life cycle of F. paulensis includes spawning in oceanic waters and a
period of initial life development in the estuary, as described by
Type II life cycle proposed by Dall et al. (1990). The genetic ho-
mogeneity over F. paulensis distribution can be associated to the
high capacity of planktonic larval dispersal, hampering the popu-
lation establishment over its geographical range (Gopurenko and
Hughes, 2002). Genetic analyses of marine population showing a
de for the studied species. Minimum and maximum values of genetic distance were

3 4 5

0.000e0.002
0.000e0.006 0.000e0.006
0.000e0.006 0.000e0.006 0.000e0.006
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Fig. 2. Haplotype network according to Median-Joining analysis. Each circle represents
one haplotype found in the localities (8 haplotypes in 45 specimens). The number
beside circle corresponds to the haplotype number. The size of the circle of each
haplotype is proportional to its frequency in the sample. Each small trace represents a
mutational step.
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slight or low geographical variation are common in species with
high dispersal potential (Palumbi, 2003). In addition, the dynamics
of water masses could facilitate the gene flow among the localities
sampled in this study.

Three water masses strongly influence the study area: the South
Atlantic Central Waters, with low temperature and salinity; Trop-
ical Waters, with salinity and high temperatures; and Coastal Wa-
ters, with high temperature and low salinity (Castro-Filho et al.,
1987). These water masses interact and modify the temperature,
salinity and nutrient conditions during the seasons (Castro et al.,
2005). Salinity and temperature influence spatial distribution of F.
paulensis (Tsuzuki et al., 2003; Costa et al., 2008), so water masses
may also be actuating in the displacement of this species, directing
its distribution and consequently the gene flow.

The penaeid Artemesia longinaris Spence Bate, 1888 also showed
a genetic homogeneity among the population along its geograph-
ical distribution (Carvalho-Batista et al., 2014). Artemesia longinaris
and F. paulensis have very similar distributions, and the FST value
found (�0.02) was similar to that obtained in this present study
(�0.03), reflecting the absence of geographical genetic structure.
Negative FST values are usually associated with the imprecision of
algorithms used in this kind of analysis, and can be interpreted as
zero in these cases of species with high genetic variation and few
shared haplotypes (Winkelmann et al., 2013).

In South America, other studies using COI gene with different
groups of decapods have found no structuration among
different localities: Laurenzano et al. (2012), with fiddler crab Uca
uruguayensis (Nobili, 1901); Rossi and Mantelatto (2013), with
estuarine shrimp Macrobrachium olfersii (Wiegmann, 1836);
Wieman et al. (2013), with Uca maracoani (Latreille, 1802e1803);
and Laurenzano et al. (2013), with Uca rapax, Smith 1870. However,
when analyzing the population structure of F. paulensis using
allozymes, Gusm~ao et al. (2005) found that the studied populations
were genetically structured in two different stocks (one from South
and other from Southeast Brazil). Besides the use of different
markers, these authors may have found a temporal variation of
allozymes. Usually genetic studies assume that the observed pat-
terns remain stable over time and that changing factors have little
or no effect in short periods of time (Barcia et al., 2005), but
intrinsic factors associated to the life cycle of each species could
mold their genetic patterns (McMillen-Jackson and Bert, 2003).
Some events e such as sudden weather changes, droughts and
other natural or anthropogenic disturbing factors e are completely
independent of the species' biological properties (Allison et al.,
2003), so multiple factors can affect the temporal stability of
allele frequencies in natural populations and genetic structure of a
species could significantly change in time (Barcia et al., 2005). With
the fact of different genetic markers been used, this could explain
the divergences found between the present study and Gusm~ao et al.
(2005). The inclusion in the analysis of specimens from more
distant locations and from different time periods, covering the
complete range of distribution through generations, and using
more specific markers (as microsatellites, for instance) could be
important to better understand the genetic variation of the species.

McMillen-Jackson and Bert (2003) compared the phylogenetic
structure and biogeography of the brown shrimp Farfantepenaeus
aztecus (Ives, 1891) and the white shrimp Litopenaeus setiferus
(Linnaeus, 1767) in the eastern United States. For F. aztecus there
was no significant phylogenetic structure and the near-shared
haplotypes were geographically dispersed, while for L. setiferus
the haplotypes were geographically structured. In the same area of
study, McMillen-Jackson and Bert (2004) found no difference in the
population of Farfantepenaeus duorarum (Burkenroad, 1939), sug-
gesting a long-term distribution and gene flow high enough to
maintain a genetically homogeneous population structure, along
the studied geographic distance. This may be the same situation of
F. paulensis, since it has no habitat disjunction that might serve as a
barrier to gene flow among the sampled localities. The continuous
range of appropriate pink shrimp habitat around the South and
Southeastern Brazilian coast could offer a pathway for short-
distance dispersal of the benthic juveniles and adults, as with F.
duorarum (McMillen-Jackson and Bert, 2004).

Based on our set of analysis, the origin of the stock of F. paulensis
are probably the breeding grounds off Santa Catarina State
(Southern Brazil), as already supposed by previous studies (D'Incao,
1991; Deledove, 1996; Gusm~ao et al., 2005). The area is under
extensive exploitation and represents 20% of total Brazil's fishing
trawlers (Leite and Petrere, 2006). However, harvesting a group of
individuals that originates several subpopulations can result in the
extirpation of one or more subpopulations (Allendorf et al., 2008).
Actually, pink shrimp populations have declined 87% in less than 40
years (Neto and Dornelles, 1996). Reduced population size due to
fishery can also reduce the number of migrants and cause the loss
of genetic variation within subpopulations, reducing their pro-
ductivity both by reducing individual fitness in the short term and
by reducing the ability of subpopulations to evolve in the future
(Ryman et al., 1995).

The homogeneity found in the present study could also be the
consequence of a bottleneck effect. The theoretical relationship
between population bottlenecks and the loss of genetic variation is
well established (Wright, 1931; Nei et al., 1975; Chakraborty and
Nei, 1977). Demographic bottlenecks occur when populations
experience severe and temporary reductions in size and may in-
fluence the distribution of genetic variation within and among
populations (Spencer et al., 2000). The pink shrimp fishery in South
Brazil collapsed in the 90's, where the lowest total stock catch
(2008 tons) occurred in 1998 (D'Incao et al., 2002). Considering that
Santa Catarina is probably the seeding population, a high rate of
exploitation (as the fishery collapse reported), especially of juve-
niles, could exacerbate the magnitude of natural population fluc-
tuations and thereby reduce the effective population size over time
(Koljonen, 2001). The smaller size of a population and the longer it
remains small, the genetic variation it will lose (Leberg, 1992).
Additionally, fishery usually targets specific sex or age classes and
thereby can reduce the effective population size and increase the
rate of loss of genetic variation (Allendorf et al., 2008). For instance,
the size at sexual maturity in the rock lobster Panulirus cygnus off
the west coast of Australia has declined substantially over the past
35 years (Melville-Smith and Lestang, 2006). This change seems to
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be partially an evolutionary response to extremely high exploita-
tion rates of adults combined with a required minimum carapace
length in harvested animals. The understanding of the genetic
changes and evolutionary responses of exploited populations is
crucial for the design of management aimed at sustainable
exploitation of natural biological resources (Walsh et al., 2006;
Allendorf et al., 2008).

Genetic homogenization of populations can also influence the
capacity of a species to expand its distribution (Olden et al., 2004). F.
paulensis shows a restricted geographical distribution and higher
occurrence in cold waters, features that differ from other western
Atlantic penaeids as F. brasiliensis and Farfantepenaeus subtilis,
species with larger distributions and warmer water occurrence
(D'Incao, 1995; Costa et al., 2003). Geographic range size is a strong
predictor of extinction risk (Gaston and Fuller, 2009). The genetic
homogenization combined to a restricted distribution and limita-
tion to cold waters could lead F. paulensis to become more sensitive
to changes as consequences for anthropic actions, such as exploi-
tation, global warming and ocean acidification. Increases in the
temperature of tropical and subtropical waters over the past 50
years have already pushed marine organisms close to their thermal
limits (Hoegh-Guldberg, 1999; Hoegh-Guldberg et al., 2007).
Furthermore, pink shrimp fishery collapsed in the past and nowa-
days is at its maximum sustainable yield (Leite and Petrere, 2006), a
fact that aggravates F. paulensis situation. Genetic changes caused
by exploitation can increase extinction risks and reduce recovery
rates of over-harvested populations (Olsen et al., 2004;Walsh et al.,
2006).

When managing a species as a resource, assessment of popu-
lation genetic variation and structure can be a vital tool for main-
taining a productive fishery (Seeb et al., 1990). Although the large
population sizes and high fecundities of exploited marine in-
vertebrates tend to make these species less susceptible to popula-
tion collapse, a combination of several factors e over-fishing,
disease, habitat loss, and competition e can all contribute toward
population decline (Hobday et al., 2001). Understanding the genetic
changes and evolutionary responses of exploited populations is
crucial for the design of management aimed at sustainable
exploitation of natural biological resources (Walsh et al., 2006).
Intense and prolonged mortality caused by exploitation will inev-
itably result in genetic change, but management plans should be
developed by applying basic genetic principles combined with
molecular genetic monitoring to minimize harmful genetic change
(Allendorf et al., 2008).
5. Conclusion

Fishery along the F. paulensis distribution is the typical case in
which the high exploitation, combined with an ineffective fisheries
management, has resulted in a serious depletion of shrimp. South
and southern Brazilian coast have been negatively impacted by
overfishing, where the spawning stock may have been reduced to a
level where the number of recruits produced can be insufficient to
maintain the population. The present study found a genetic ho-
mogeneity for F. paulensis, comprising only one stock throughout its
distribution. These results complement ecological studies con-
cerning the offseason, since the closed period covers the pink
shrimp juvenile recruitment and considering it is a single stock, the
same protection strategy can be applied. However, the genetic
homogeneity found in this study combined with the intensive
fishery effort can result in severe consequences for the species, so
studies focusing the conservation genetics of F. paulensis and based
on long-term periods could help the planning of more effective
management strategies.
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